Introduction
The generally accepted point of view on the flow mechanism has not yet been formed; it is accompanied by the formation of critical regimes and structural transitions in two-phase flows of boiling accelerating fluid. The lack of a reliable quantitative description of this process inhibits the use of boiling streams as energy efficient working fluids, primarily in jet blowers for various purposes, including jet thermal pumps (steam-water injectors) and thermocompressors.
In such schemes of thermotransformers, the ejector performs the function of a preliminary degree of compression in order to reduce the load on the compression of the working substance in the main compressor.
The use of fluxes of boiling liquid as energy-efficient working fluids is inhibited due to the lack of a reliable description of the mechanism of their flow. Finding the dependence of steam content on the initial pressure and temperature will make it possible to determine the variant of the initial parameters at which steam overproduction will be greatest. The boiling streams in such nozzles can be investigated using mathematical modeling.
The results of numerical simulation can clearly reveal the three-dimensionality of the flow in the nozzles, as well as the location and shape of the vapor distribution, which can help to better understand the flow in the nozzles and ultimately put forward ways to optimize them.
Therefore, the purpose of this work is to study the effect of pressure and temperature at the inlet to the nozzle on the steam content.
Literature review
Ejectors are widely used in various industries. Air and water vapor often serve as working substances.
Hemidi et al. [1] it is shown that an increase in the mass steam content leads to a decrease in the entrainment ratio.
In the nozzles of two-phase ejectors, a process of relaxation vaporization occurs, accompanied by a phase transition of the liquid to vapor. Such a process can be modeled using a model based on the Rayleigh-Plesset bubble equation.
Qin et al. [2] found that jet turbulence can create cavitation bubbles when the pressure is close to 2 MPa or less. A comparison with an experiment conducted in a cavitation chamber shows good agreement for different nozzles operating at different pressures.
Results Guoyi et al. [3] and Ma et al. [4] show that the phase transition occurs in the throat of the expanding nozzle when the pressure drops sharply, and the mass transfer rate reaches a maximum. When the pressure at the nozzle outlet reaches 1.65 MPa, the volumetric steam content reaches 0.93. A comparison of the calculated and experimental results shows that the maximum relative error of pressure is less than 10.1%, and the temperature is less than 1.9%.
Two-phase ejectors operating on H 2 O and CO 2 as part of heat pumps were investigated by the authors [5] [6] [7] .
In work Bulinski et al. [5] it was established that with a decrease in pressure in ejector with 9 MPa at the input, up to 4 MPa at the output massive vapor content increases from 0 to 0.005.
In Smolka et al. [6] found that at the exit from the carbon ejector a two-phase mixture, on average, reaches a volumetric steam content of 0.6.
By Colarossi et al. [7] CFD modeling was performed using the OpenFOAM library. Near the centerline, the mass steam content is very close to zero, and along the top wall the mass steam content is close to 0.02. The equilibrium mass fraction at the exit is zero. The mass steam content at the outlet is less for a higher outlet pressure (0.23 at 1. In Bai et al. [9] shows the distribution of steam volume at an initial pressure of 15.5 MPa, and at an outlet pressure of 0.4-2.4 MPa. The highest steam content is observed at 0.4 MPa at the outlet. It is shown that with an increase in the length of the diffuser, the steam content at the outlet of the device also increases.
Aung et al. found that cavitation increases with increasing inlet pressure of the nozzle [10] . Cavitation phenomena in nozzles are modeled under flow conditions with different inlet pressures, from 1 MPa to 7 MPa. Unfortunately, in this work, there are no generalized data of mass steam content.
Based on the literature review, it can be concluded that the study of the effect of inlet pressure on the output steam content has not been fully studied. There is no information on the amount of steam content in the nozzles at pressures up to 20 times the back pressure. In this paper, CFD modeling is used to study relaxation vaporization in an expanding nozzle.
Research methodology
An important aspect when choosing the geometry of a nozzle is the question of the efficiency of the conversion of the potential mechanical and thermal energy of hot water into the kinetic energy of the flow. The efficiency of the nozzle can be evaluated using the coefficient of speed: saturation table) . Experimentally, expanded nozzles with a diffusion angle of 14 °. The pressure at the inlet to the nozzle P 01 = 3.1 MPa, the temperature t 01 = 100 0 C, the pressure at the outlet of the nozzle P 2 = 6.8-92.3 kPa (see Table 1 ).
The object of the study in this paper is the axially symmetric nozzle of Laval, whose geometric dimensions are represented on (Fig. 1) . The inlet of the tapered part of the nozzle is a cone with an angle at the apex of 60°. The neck of the nozzle is cylindrical, diameter 5 mm, length 8 mm. The expanding part of the nozzle is formed by two conical surfaces. The throat of the nozzle passes into a cone with an angle at the vertex of 28°40', which then goes into a cone with an angle at the vertex of 20°. Total degree of nozzle expansion 179.6. The figure shows a sample for studying the distribution of pressures along the length of the flow section of the nozzle. There are 11 drainage openings for pressure tests. The first hole is located at the outlet of the cylindrical throat of the nozzle, the last hole at a distance of 2 mm from the outlet section of the nozzle. Drainage holes with copper pipes of 3 mm in diameter are connected to the connections on the wall of the vacuum cavity. 
Figure 1 -Flat-parallel nozzle
In order to model the hydrodynamic processes in the nozzle, a package of computational fluid dynamics ANSYS CFX [11] was used in this paper.
Modeling of flow in nozzles was carried out on the basis of Navier-Stokes equations. Compression was taken in mind. In order to account for turbulence, a k-ε model was used which represents a joint solution of the Navier-Stokes equations for time-varying components of the variables and additional equations for determining the pulsating components [11] : -equation of continuity (conservation of mass); -equation of motion (momentum conservation); -equation for the transport of kinetic energy of turbulence; -equation of dissipation of the kinetic energy of turbulence.
In order to account for the phenomenon of cavitation, the available ANSYS CFX model based on the RayleighPleset equation [11] was used, which calculates the dynamics of the growth of the vapor bubble. In this case, the mass transfer between the liquid and the steam is calculated according to the equations of vaporization and condensation.
A three-dimensional nozzle generated a tetrahedron mesh with a condensation near the wall with more than 150,000 elements. At the same time, periodic boundary conditions were superimposed on the model.
Results
In fig. 2 shows the distribution of pressure along the expanding Laval nozzle with the outflow of water with parameters P 0 = 3.1 MPa and T 0 = 100°C. The data were obtained as a result of a physical and numerical experiment and compared them to each other. The value of the mean square relative measurement error pressure does not exceed 0.119%. The average discrepancy between the experimental data and the mathematical model does not exceed 3%. 
MPa and T 0 = 100°С: • -experimental results, ▬▬ -CFD modelling
In the tapering part of this nozzle, water is accelerated, its pressure decreases, in the immediate vicinity of the throat, the local pressure reaches the saturation pressure, the process of relaxation vaporization is initiated, and a mixture of steam and water already leaves the nozzle.
As can be seen from fig. 4 , the main differential pressure is triggered in the narrowing part of the Laval nozzle. The liquid phase gradually goes to steam. The highest vapor concentration is observed near the nozzle wall, while the metastable liquid moves in the center. Further downstream, the liquid jet is destroyed, however, the mass fraction of vapor increases.
Studies of the operation of nozzles on water with a large underheating of the saturation line were carried out at an installation for measuring reactive force (thrust developed by a nozzle), described in [12] .
Consider the operation of the nozzle for different conditions of water outflow strongly underheated to the saturation temperature at the entrance. In fig. 3 shows the dependence of the change in experimentally measured thrust of the nozzle R e(nozzle) on the temperature of the working water at the inlet and the pressure behind the nozzle P 2 at P 0 = 3.1 MPa.
When the nozzle operates in the design mode of pressure and density of the steam-water mixture in the outlet section of the nozzle, they are the same, both in the working jet and in the environment. However, this mode of operation of the nozzle is performed only under strictly defined conditions -P a = P 2 , and only in this case the thrust of the nozzle:
where c 2 = c a is the actual flow rate of the steam-water mixture from the nozzle. In fig. 4 shows the dependence of the mass steam content at the nozzle outlet on the back pressure at constant values of the inlet pressure and temperature.
From the graph it is seen that in the studied range of parameters, an increase in mass steam content with increasing back pressure is observed.
In fig. 5 shows the dependence of the change in the velocity coefficient φ on the backpressure P 2 at a constant pressure of working water in front of the nozzle P 0 = 3.1 MPa and temperature T 0 = 100°C. It can be seen from the graph that the velocity coefficient in the investigated range of back pressure varies considerably in magnitude. This value is in the range of values φ = 0.4 -0.8 and has a maximum at P2 = 40 -60 kPa. This suggests that back pressure is a determining factor in the pressure range studied, since significant changes in back pressure lead to significant changes in the velocity ratio. 
Conclusions
With an increase in backpressure, the steam content at the nozzle exit also increases. This relationship is linear, and a further increase in pressure leads to an increase in mass steam content.
Backpressure is a determining factor in the pressure range studied, since significant changes in backpressure lead to significant changes in the velocity coefficient.
It was established that the coefficient of speed in the studied range of parameters varies significantly in magnitude. This value is in the range of values φ = 0.4-0.8 and has a maximum at P 2 = 40-60 kPa.
